We study local linear non-axisymmetric perturbations in fully stratified 3D astrophysical disks. Radial stratification is set to be described by power law, while vertical stratification is set to be exponential. We analyze the linear perturbations in local shearing sheet frame and derive WKB dispersion equation. We show that stratification laws of the disk matter define not only the thermal stability of the disk, but also the efficiency of the potential vorticity production by rotationg convective turbulence in astrophysical disks. Taken developed convective turbulence we assume nonlinear tendencies set by linear spectrum and show that vortices are unlikely to be generated in rigid rotation flows. In contrast, differential rotation yields much higher vortex production rate that depends on the disk thickness, distance from the central object and the spectral characteristics of the developed thermal turbulence. It seems that measurements of the temperature and density distribution in accretion disks may indicate the efficiency of the turbulence development and largely define the luminosity characteristic of accreting flows.
Introduction
Stability and turbulence in hydrodynamic accretion disks are often considered as a key phenomena in defining the anomalous viscosity and corresponding accretion rate in high energy accretion disks [1, 2] , as well as in the process of planet formation in the core accretion model in protoplanetary disks [3] [4] [5] [6] .
In presented research note we give non-axisymmetric local linear WKB stability analysis of differentially rotating fully stratified astrophysical disks and describe the possibility of potential vorticity generation. We speculate on the nonlinear developments of the convective turbulence and what will be the consequencies for the vortex production in such flows.
The horizontal component of the potential vorticity is thought to be most important in protoplanetary disks for core accretion modes. In this respect we show that horizontal vortices can only be generated from vertical vorticity if no shear is present. We anticipate the spectral characteristic of the convective turbulence in differenctially rotating flows base on the growth rates of thermal nstability. Thus, we are able to estimate the polarity of the vortices produced in stratified astrophysical flows.
In Sec. 2 we give mathematical formalism of the considered physical model. We introduce linear perturbations and derive rigid rotation as well as WKB spectum for differentially rotating flows. We demonstrate the possibility of vortex production in stratified flows. The findings are shortly discussed and the paper is summarized in Sec. 3.
Physical Model
Let us consider the Boussinesq flow rotating around a central gravitating object under the influence of radial and vertical stratification in cylindrical co-ordinates:
We consider equilibrium state of the disk with radial power law and vertical exponential stratification:
where  P ,   and  S indices describe the radial structure of the disk, H is the vertical stratification length-scale, while  parameter describes the vertical structure. Note that here  differs from standard adiabatic index  and
can have values less than unity. In this case the direction of the entropy stratification is reversed. We keep the value of  general aiming to mimic the different heating and cooling properties of the disk (not explicitly considered in this paper).
In the thin disk approximation we consider radial and vertical gravitational acceleration constant over disk height:
where G is the gravitational constant and M is the mass of central gravitating object. In the equilibrium we consider azimuthal flow V 0 = (0, r , 0). Hence, introducing Keplerian angular velocity:
we may derive the system parameters in equilibrium:
with quasi-Keplerian angular velocity:
Eqs. (7)- (9) set an equilibrium disk model that is baroclinic in nature: 0 P     . In the case of protoplanetary disks when pressure normally decreases with radius ( P > 0 ) Equation (13) indicates sub-Keplerian equilibrium flow (  ).
Linear Perturbations
We employ Boussinesq approximation where the change of density is due to thermal effects and compressibility is neglected. Equations governing the dynamics of linear perturbations are inhomogeneous in space due to several distinctive factors. Among these we can distinguish radial and vertical stratification of the disk matter, radial inhomogeneity of the angular velocity and global curvature of the flow. In order to simplify linear analysis we can deal with these complications separately. We use local shearing sheet analysis, which is designed to deal with the latter factor: flow curvature. To deal with background inhomogeneities due to fully stratified state we re-scale linear perturbations in global frame in such a way to remove explicit coordinate dependence in local frame (see the 2D analog in [7] ). Hence, we split physical variables into the background components and linear perturbations as follows: 
P t P r z P t t r z t S r z S t S r z S t r H
Note the specific scalling factors for the perturbations of velocity and entropy. Using local shearing sheet frame that co-rotates with the disk flow at r = r 0 radius:
we neglect the flow curvature and study effects of the differential rotation in the form of the uniform shear flow. Hence, the angular velocity of the rotation is reduced to
where the Oort's parameters are defined as follows:
Now we can employ Fourier expansion of linear perturbations in space with time varying phase:
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and the following characteristic wavenumbers are introduced:
Hence, the system governing the linear dynamics of perturbations in the limit
is reduced to the following:
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Similar system in Boussinesq limit has been already derived for Lagnrangian perturbations to study the momentum transport by linear perturbations in fully stratified disks [6] . In present note we focus on the vorticity production and stratistical properties of nonlinear turbulent state developed due to thermal instability.
The linear perturbations of potential vorticity that can be also derived from Ertel's theorem is the following:
In the considered stratified flow potential vorticity production is described by the following linear equation:
Dynamics of vorticity is defined by potential vorticity perturbations, that is system invariant in barotropic flows (k P = k S = 0).
Rigid Rotation Spectrum
Dispersion equation can be derived straightforwardly in the case of rigid body rotation, i.e. zero shear limit in local frame (A=0, B = - 0 ). In this case dispersion equation is derived using Fourier expansion of spatial harmonics in time (see Eqs. ( 1) , nents of the vorticity are coupled (see Eqs. 24). Hence, horizontal vorticity can be generated only by redistribution of vertical vorticity and no net production occurs. The differential rotation introduces modification to growth rates, and thus turbulence does not tend to 0
